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Radiological DiagnWosis of Deep Vein Thrombosis and its Sequelh
At St Thomas's we have mainly used phlebography to demonstrate thrombus in patients who have had a pulmonary embolus (Browse et al. 1967) and in the investigation of the postphlebitic syndrome (Cockett et al. 1967) . We have also used it in a small controlled trial of the effectiveness of thrombolytic agents (Browse et al. 1968) and in a comparative study with radioactive fibrinogen. Because patients with pulmonary embolism are often ill and unable to lie flat, we have tried to make the procedure as simple as possible. In particular, we use single anteroposterior projections only. Technique A tilting table equipped with an image intensifier, a television and an automatic exposure device are used. The table is tilted about 40 degrees feet downwards, a position which permits better mixing of contrast medium with blood.
A yein on the dorsum of the foot (preferably towards the lateral side to avoid direct communication with the long saphenous system) is selected and a 20-gauge needle introduced into the vein in a distal (upstream) direction. We believe the injection of contrast medium downward towards the foot is of great importance, as in this way the deep venous system always fills to some extent if it is patent. If percutaneous puncture is impossible a small cut-down is made but this is only necessary in about 5% of patients. Very rarely, when no vein can be found, either because of cedema or the presence of varicose ulceration, an intraosseous phlebogram from the medial malleolus is required. Generally a single tourniquet is applied just above the ankle; the type with a Velcro fastening is useful, easily permitting small changes in tension. The cannula or needle is connected to a syringe containing the contrast medium meglumine iothalamate 60%. We have found this to be painless, unlike some other media available. The foot is internally rotated to separate the images of the tibia and fibula, and hand injection is begun under television control. The tension of the tourniquet is adjusted so that the three main groups of deep veins of the calf are seen to fill. I should emphasize that it is not part of the technique totally to occlude the superficial venous system, for in an occluded femoral vein (Fig 1) filling of the vein above the block from the long saphenous vein makes a separate pelvic phlebogram unnecessary.
The flow of contrast medium is followed on the television screen and 14 x 14 in. (36 x 36 cm) films split into three are taken at intervals so that the whole venous system from ankle to inferior vena cava is included. In order to fill the calf veins more fully, it may be necessary in some patients to apply a second tourniquet above the knee and instruct the patient to flex the foot up and down once or twice. This tourniquet is removed to show the popliteal and femoral veins.
The upper part of the profunda femoris vein (as far as a competent valve) is shown by asking the patient to perform a Valsalva maneuvre when the common femoral vein is filled with contrast. The pelvic veins may be better demonstrated by tilting the table slightly head downwards and at the same time releasing the ankle tourniquet. As with the profunda vein it is often easier to show the internal iliac system by asking the patient to perform a Valsalva manceuvre when the common iliac veins are filled with contrast. After each injection the venous system is flushed immediately with normal saline to prevent intimal irritation, and the patient encouraged to exercise the calf muscles. A check is made on the television to ensure that the contrast medium has been entirely ckared. After flushing the veins in this way we have not seen thrombosis following phlebography. Both legs must be investigated in all patients to exclude subclinical thrombosis, as only about 20% of patients have signs of deep vein thrombosis in the early stages. The amount of contrast medium usually required is 50 ml for each side, but after the first series the films are examined critically and doubtful areas reexamined so that sometimes as much as 300 ml may be needed.
No complications have been experienced using this technique and most patients tolerate investigation well; a bilateral phlebogram usually takes only half an hour. We find ascending phlebography alone adequate in about 80% of our patients with pulmonary embolism.
If the iliac veins and inferior vena cava have not
been sufficiently well demonstrated to exclude a thrombosis or if the full extent of a thrombus has not been shown, pelvic phlebography is required. This technique is also carried out with television and a serial film changer is helpful as this makes timing less criticalparticularly with intraosseous.phlebography. A full field using a 14 x 14 in. film is used, centred to include the lower part of the inferior vena cava.
Direct percutaneous femoral vein puncture is attempted under local anmsthesia, using a cannula which can be threaded a short distance along the vein to prevent extravasation. For pelvic phlebography we use a denser contrast -sodium iothalamate 70%, and this is painful if injected into the tissues. Bilateral simultaneous hand injections of about 50 ml of contrast are made and 5 films taken at intervals of 2 seconds. In those patients where the femoral veins are shown on the peripheral phlebogram to be thrombosed, or where clinical examination reveals swelling of the whole limb indicating high obstruction, or if percutaneous femoral venepuncture fails, it is necessary to perform pertrochanteric intraosseous phlebography. This is painful and requires a general anesthetic.
The conventional bone-marrow needle usually used for intraosseous phlebography has proved unsatisfactory and for this reason we have devised (Fig 2) an improved intraosseous cannula which is easier to introduce and of wider bore (Lea Thomas 1969).
Bilateral simultaneous injections are always made to show the upper parts of the femoral veins, the external iliac veins and the inferior vena cava. Films are taken in the prone position because, as -contfast medium is heavier than blood, in this position there is better filling of the external and common iliac veins.
Each cannula is connected to a separate metal syringe containing 50 ml of contrast, which is injected using, two pressure pumps. A 'Y' connector with a single pump is not satisfactory as the contrast medium tends to go into the side presenting the lat resistance. Filming is started about the middle of the injection and after The phlebographic technique used in investigating the postphlebitic syndrome is essentially similar to that described for pelvic phlebography. As thrombosis has often narrowed or occluded the femoral veins, percutaneous femoral venepuncture may be impossible, and for this reason intraosseous pertrochanteric phlebography is needed more often in these patients. We prefer the percutaneous method of pelvic phlebography as this can be combined with pressure measurements giving a much more accurate assessment of the clinical significance of any obstruction (Cockett et al. 1967 ).
Interpretation ofPhlebograms
The diagnosis of recent thrombus depends on demonstrating filling defects within an opacified vein. The phlebogram should show the full extent of the thrombus (Fig 1) .
Fresh thrombus generally appears as a cylindrical defect in an opacified vein. It characteristically has a ground-glass appearance. The thrombus is separated from the vein wall by a thin white line (Fig 1) representing contrast medium around the thrombus. As the thrombus ages it retracts, its outline becomes more clearly defined, it adheres to the wall, or blocks the vein completely. Later the vein may recanalize. We do not know exactly at present the time interval at which these various stages occur, or how often recanalization results.
Our management of pulmonary embolism is much modified by the nature of the thrombus, whether it is loose or adherent, or if the vein above is occluded (Browse et al. 1967 ). False positives have not proved a problem provided the defect is reproduced in more than one film.
The frequency with which false negatives occur cannot be established with certainty. Cotton & Clark (1965) have shown in their corrosion cast studies the vast network of soleal sinusoids which are quite impossible to fill completely by phlebography. Looked at carefully, a tell-tale small thrombus may be seen at either end ofan occluded segment of vein in the calf, indicating that the vein is occluded rather than not filled. From a practical viewpoint in the prevention of pulmonary emboli, if no thrombus is demonstrated in the calf veins it seems safe to assume that either the veins are clear or that the thrombus is adherent and therefore unlikely to cause a serious embolus. Above the popliteal vein there is no problem, for if the deep veins of the calf fill, nonfilling of the more proximal veins can be taken as evidence of occlusion. Potentially fatal emboli usually arise in the iliofemoral segment (Mavor & Galloway 1969) and can be easily demonstrated by phlebography.
In the postphlebitic syndrome of the pelvic veins, the following abnormalities of the iliac veins and inferior vena cava have been demonstrated by pelvic phlebography: (1) Complete occlusion of the whole or part of one or other iliac vein or the inferior vena cava. (2) Recanalization, with narrowing, irregularity and reduplication of the lumen. (3) The presence of collaterals.
The direction of blood flow in these collaterals can be shown by taking a series of films (Lea Thomas & Fletcher 1967) and their site depends on the position of the obstruction (Fletcher & Lea Thomas 1968 , Lea Thomas et al. 1967 ). In localized common iliac vein obstruction (Fig 3) the most important collaterals are the enlarged ascending lumbar vein of the obstructed side with cross-flow through the presacral plexus to the opposite side. In localized inferior vena caval obstruction the main pathways are through the The s _ approach in classifying deep vein thrombosis into peripheral or distal on the one hand, and high or iliofemoral on the other, offers mny advantages, not least the clarification in the clinki?Ss :mind that ral tbosis is seldom in itself serious, while iliofemoral venous involvement can be and usually is complicated by acute and chronic morbidity, often of severe degree (Mavor & Galloway 1967a , 1969 . The profunda femoris termination is the site of division of the deep vein into peripheral and high segments.
Peripheral Venous (Lower Segment) Thrombosis Lower segment involvement in its more distal form is undoubtedly a common finding. Its exact incidde and how often it becomes clinically important in an acute way, by producing recurrent emboli or by extending to the proximal segment, is unknown. In a series of 257 cases of iliofemoral venous thrombosis, in only 24 instances was it considered that intravenous clotting had extended-in continuity from the lower segment to involve the upper segment (Mayor & Galloway 1969) . Before the pernpheral segmt can be incriminated as a source of nt embolism, phlebographic evidence is required that the iliofemoral segments are clear of nonocclusive clot. The presence of acute clinical signs of peripheral deep vein thrombosis, or even 
